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DEVELOPMENT OF PAG MONO-ETHER BASED LUBRICANTS FOR 
AUTOMOTIVE AIR CONDITIONERS 
Tomomasa Osumi, Katsuya Takigawa, Mitsuo Okada, Hiroyasu Hasegawa, 
Yasuyuki Watanabe and Motoshi Sunami 
Nippon Oil Company, Ltd. (Japan) 
ABSTRACT 
Polyalkylene glycol (PAG) oils were developed as lubricants for automotive air conditioners that 
use 1,1,1,2-tetra.fl.uoroethane (HFC-134a).These newly developed lubricants are made from a mono-
ether type PAG. When the optimal types and amounts of additives are selected, these oils can provide 
performance equivalent to or better than that of the widely used di-ether type PAG. Mono-ether PAG is 
also superior to the di-ether type in both cost and availability. The base oil is mono-ether PAG that is a 
polymer of either propylene oxide or of ethylene oxide and propylene oxide in which one of the ends has 
been substituted by an alkyl group. It was found that a shorter end alkyl group chain is preferable 
because a longer chain results in a decrease in the high-temperature two-phase separation temperature. 
Propylene oxide is preferable for the main chain because it provides lower hygroscopicity and better 
compatibility with organic materials. However, it was also found that forming a copolymer with a fixed 
amount of ethylene oxide will increase the miscibility with the refrigerant and increase the viscosity 
index, thus making it easier to maintain an oil film at high temperatures. By optimizing the types and 
amounts of antiwear agents, it was possible to obtain a good balance of lubricity and rolling fatigue life. 
INTRODUCTION 
As a result of the adoption of the Montreal Protocol, new applications of CFC-12, which had been 
used in automotive air conditioners, were completely banned as of the end of 1995. As a result, 
alternative refrigerants were needed earlier for car air conditioners than for any other type of 
refrigerating device. At present, almost all automotive air conditioners use HFC-134a. 
As the mineral-oil-based refrigeration oils that had been used with CFC-12 were not miscible with 
HFC, new refrigeration oils had to be developed. Except in a few cases, most lubricants employed in 
current automotive air conditioners are made with polyalkylene glycol (PAG). The primary reason for 
choosing PAG for this application was its miscibility with the new refrigerant, and it also possessed 
excellent hydrolytic stability. As these air conditioners are mounted in automobiles, intrusion by a small 
amount of moisture must be expected. In addition, the oil does not require electrical insulation 
performance because there is no electric motor inside the air conditioning system. These are the major 
reasons why PAG became the most common automotive air-conditioner oil for the new refrigerants. 
However, while PAG seems ideal for these applications, it also has many disadvantages. The base 
oil itself is polar, so additives have little effect, the lubricity is poor, and the hygroscopicity is high. Di-
ether PAG with alkyl groups at both ends is widely used now because that type of PAG has relatively low 
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hygroscopicity and better lubricity. Howeve:4 the manufacturing costs are high and only a limited number 
of plants are able to manufacture di-ether PAG. 
This paper reports on the development of automotive air conditioner lubricants made from mono-
ether PAG, which is less expensive and easier to obtain than di-ether PAG. By optimizing this mono-
ether PAG's structure and additive formulation, it was possible to achieve performance equal to or better 
than that of di-ether PAG. 
EXPERIMENTS AND RESULTS 
Investigation of Base Oil Structure 
In automotive air conditioning systems, the amount of refrigerant is usually controlled from sight 
glass readings, so problems arise if the refrigerant and oil separate into two phases at high temperatures. 
The two-phase separation temperature was measured by placing oil and refrigerant into a 10-ml 
pressure-resistant glass tube with a bulb on the top, with the ratio of 10 mass% oil to refrigerant. The 
tube was then placed in a hot water bath, and the temperature of the bath was gradually raised. The 
temperature at which the oil-refrigerant mixture in the tube separated into two layers and turned cloudy 
was then regarded as the high-temperature two-phase separation temperature. 
The two-phase separation temperature is strongly affected by the structure of the base oil. First, 
the effect of the viscosity (molecular weight) was investigated using polypropylene oxide (PO) and 
ethylene oxide-propylene oxide (EO/PO) copolymer (Fig. 1). With both structures, the two-phase 
separation temperature decreased as the viscosity increased, but the EO/PO copolymer had relatively 
better miscibility. 
By adding ethylene oxide (EO) to the main chain, it is possible to increase the reliability of the 
compressor, not only because the miscibility with the refrigerant is improved but also because the 
viscosity index increases, resulting in higher viscosity and oil film thickness at high temperatures. 
However, if the EO ratio increases, problems such as reduced strength in some organic materials may 
also emerge. Therefore it is necessary to select the optimal EO ratio for the materials used (including all 
materials that the oil might contact, whether inside or outside the system). Table 1 shows the results of a 
compatibility test between PAG and a type of resin (conducted with HFC-134a at l75°C for 96 h). As 
shown by the results, the hardness drops slightly as the EO ratio increases. 
The effect of the end groups was also investigated. The two-phase separation temperature of 
mono-ether PAG with various numbers of carbon molecules in the end alkyl groups was measured (Fig. 
2). The results showed that a shorter end group resulted in a higher two-phase separation temperature. 
There WaS a temperature difference of 10°C between the methyl group and nonyl group. 
Evaluation of Additives 
Three types of additives are normally used in refrigeration oils used in automotive air 
conditioners: antioxidants, stabilizers, and antiwear agents. Antioxidants are necessary because the oil is 
exposed slightly to outside air at the compressor's lip seal. Phenol-type antioxidants, which prevent 
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formation of sludge are selected. 
Stabilizers-also called acid catchers-were mainly used with the old refrigerant (CFC) to capture 
the hydrogen chloride formed from the degradation of the refrigerant and thus to stabilize the refrigerant. 
The new refrigerant (HFC) contains no chlorine, so it was thought that such stabilizers would not be 
necessary. However, an epoxy compound has been adopted to capture the acids formed when chlorine 
cleaning agents or oxygen become mixed with the oil and thus to prevent degradation of the base oil. An 
epoxy compound was chosen because it remains oil-soluble even after it has changed quality after 
capturing acid, so it resists sludge formation. 
Antiwear agents are necessary for refrigeration oils used with HFC. As HFC, unlike CFC, contains 
no chlorine in its molecule, the refrigerant cannot be expected to provide any lubrication by itself. 
Because highly active substances are generally used as antiwear agents, they sometimes promote the 
degradation of the base oil. Thus antiwear agents must be selected with care. The phosphate A used in 
the present study has been confirmed to have very good hydrolytic stability in PAG.1l 
A sealed tube test was conducted to confirm that all of the additives selected provide good stability 
when used together (Table 2). 
Lubricity 
'the lubricity of the mono-ether PAG was evaluated using the Falex test (pin/V-block). HFC-134a 
refrigerant was blown into the bottom of the test apparatus at the rate of 0.01 m3/h. After a 5-minute 
running-in period, the test was conducted for 1 hour at 1.11 kN (250 lbf) and 100°C. After the test was 
finished, the amount of wear to the pin was measured. The results are shown in Fig. 3. The lubricity of 
the PAG was sharply improved by the addition of phosphate A, but over a certain amount there was 
almost no further improvement. 
Thrust Bearing Fatigue Life 
In many reciprocating compressors, the thrust load to the swash plate is borne by thrust bearings, 
and various types of bearings are used in compressors. Thus rolling fatigue life is an important property 
of lubricants used in automotive air conditioners. The fatigue life of thrust bearings was evaluated using 
the sealed test apparatus shown in Fig. 4. This apparatus was a pressurized friction and wear tester that 
was modified so that a thrust bearing could be set inside. ZJ The test was conducted at a load of 3.92 kN, 
speed of 1000 rpm, and refrigerant pressure of 0.39 MPa. The vibration caused by pitching was measured 
with a vibration meter: The minimum life was defined as the point at which the vibration exceeded twice 
of a initial level. To shorten the time needed for the test, only three rollers were used in the bearing; the 
others were removed. 
The results are shown in Table 3. As the rolling fatigue life deteriorated as the amount of 
phosphate A increased, there is a limit to the amount of phosphate A that can be added. The rolling 
fatigue life also decreased when only a small amount of the more active phosphate B was added. The 
EO/PO ratio of the base oil showed little effect on the rolling fatigue life. This test confirmed that mono-
ether PAG with an optimized additive formulation has fatigue life equal to or better than that of the eli-
ether PAG that is now widely used. 
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Compressor Test 
The developed refrigeration lubricants were evaluated for durability in a reciprocating compressor 










0.17- 0.36 MPa 
900 - 5500 rpm 
800h 
As shown in Table 4, the developed mono-ether PAG oils yielded good results on all of the sliding 
parts and bearings after the test, and the recovered oil showed no change of properties. These results 
were equal or superior to those for the di-ether PAG now on the market. 
CONCLUSION 
Lubricants for automotive air conditioners were successfully developed. The base oil was mono~ 
ether type PAG, which is readily available at low cost. The viscosity-temperature characteristics, 
miscibility, and material compatibility of this base oil structure depend on the ratio between ethylene 
oxide and propylene oxide, so the optimal oil must be selected for the particular air conditioning system. 
By optimizing the additives, especially the antiwear agents, it is possible to obtain good lubricity and long 
fatigue life. It was confirmed that the developed oils perform as well as or better than the di~ether type 
PAG oil that is widely used at present. 
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Fig.1 Relationship between viscosity and miscibility 
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Fig.4 Rolling fatigue test apparatus 
Table 1 c . bT .h . A omoat1 1 ltY test resu ts w1t resm a e o mg at1gue test resu ts Tbi3Rir f . 
Oil Viscosity(1 OO"C) EO/PO Ratio Hardness Base Oil Additives Refrigerant 
MEl 10 0/100 4H ME1 None HFC-134a 
ME2 10 10/90 4H ME2 None HFC-134a 
ME3 10 30/70 3H ME4 None HFC-134a 
ME4 10 40/60 2H ME2 PA(1.0%) HFC-134a 
ME5 20 40/60 3H ME2 PA(2.0%) HFC-134a 
DE 10 30/70 3H ME2 PA(3.0%) HFC-134a 
ME = Mono-otner type PAG. DE = Di-ether type PAG ME2 PB(0.1%) HFC-134a 
ME2 Fully Formulated HFC-134a 
DE Fully Formulated HFC-134a 
MO None CFC-12 
MO = Mineral Oil 
Table 2 Sealed tube test results 
Base Oil Additives T emoerature °C Time h Refrigerant Color Sludge 
ME1 PA, AC, 01 175 336 HFC-134a L0.5 None 
ME1 PB, AC, 01 175 336 HFC-134a L2.0 Found 
ME2 PA, AC, 01 175 336 HFC-134a L0.5 None 
DE Fullv Formulated 175 336 HFC-134a L0.5 None 
PA, PB = Phosphoric compound, AC =Acid Catcher, 01 =Oxidation Inhibitor 
T bl 4 C a e ompressor test resu ts 
Base Oil Additives Period h Wear to Thrust Properties of Sliding Parts Bearing Lubricant 
ME Fully formulated 800 Good Good No change 
OE Fully formulated 800 Good Good No change 
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